I. 1NTRODucrioN
A sense of complacency resulting from the apparent control of smallpox may be one of the factors responsible for the lack of interest in basic studies with its etiological agent. The constant vigilance practiced by public health authorities to prevent the importation of smallpox and the prompt vaccination of suspected contacts have been significant deterrents to its spread in the 'Testern Hemisphere. Nevertheless, smallpox remains a continual threat to man, as evidenced by its endemicity in certain localities of the Middle and Far East, by occasional outbreaks of epidemic proportion in those areas, and by sporadic cases of the disease throughout the world. The disease persists, although vaccination against smallpox has been practiced for over 160 years.
Although smallpox infection of man has been described in detail from the standpoint of symptomatology, diagnosis, pathology, immunity, and mortality rates of epidemics,-nonetheless there are areas in which our understanding of this disease requires elucidation. For example, the site or sites of initial multiplication of the virus, the pathways of virus dissemination during incubation and disease, the duration of protection following vaccination, the pathogenesis of the vaccination process, and the evaluation of chemotherapeutic agents are some aspects of the disease that may be resolved through the use of an experimental host.
The study of experimental smallpox, however, has been limited because of the narrow range of animals that are susceptible to the virus. Monkeys appear to be the only experimental animal in which the pattern of disease is similar to that of human infections. Although some fundamental studies were performed with the virus of smallpox in this host more than 50 years ago (11) , relatively little work has been done in subsequent years. Most of the investigations have been concerned with cross-immunity relationships and with attempts to convert smallpox virus to vaccinia virus.
It is the purpose of this article, therefore, to review the pertinent literature on smallpox and related poxvirus infections of the simian host, to define some of the obstacles inherent to the study of poxviruses in monkeys, and to stimulate further basic investigation of these viruses. 459
II. VARIOLA-VACCINIA GROUP OF POXVIRUSES "Poxvirus" has been adopted as a convenient term to denote a number of viruses which have many features in common, although they comprise several immunologically unrelated subgroups (3) . The criteria for inclusion in the group are: (i) large virus particles of rounded quadrangular form, with the longest diameter in the range of 200 to 250 mnu; and (ii) predilection for infection of skin epithelium, with formation of cytoplasmic inclusion bodies (24) . The close immunological relationship of certain viruses serves as the basis for the formation of a subgroup of the poxviruses, the variola-vaccinia group. Members of this group are variola (smallpox), alastrim, rabbitpox, vaccinia, monkeypox, cowpox, and ectromelia (mousepox). Because of the scarcity of published information regarding the infectivity of rabbitpox, cowpox, and mousepox viruses for the simian host, only casual reference will be made to these viruses.
In addition to the property of related anti- (Table 1 ). The route of virus injection, the strain of virus, and the species of monkey, however, may influence the response of the host to infection, either individually or concertedly.
1. Variola. In general, simian smallpox is a mild infection of approximately 2 weeks' duration whether induced by inoculum consisting of human scab material or laboratory-passaged virus ( Table 2 ). The entry of virus into the host is followed by an incubation period of 5 to 7 days and a period of disease that lasts about 8 days. In this respect, the nature of smallpox infection of the monkey appears to conform to inoculated smallpox seen in man (11) . The dermal inoculation of the virus in humans usually produces a local lesion with fever commencing on the seventh or the eighth day and a generalized exanthem on the ninth or tenth day. In man, the incubation period is shorter and the disease is generally milder than in the naturally acquired infection, but exceptions have been noted (68) . Per cent infected'.. 61 16 a Enumeration of pocks formed on the chorioallantoic membrane of embryonated eggs.
b Numerator = number of animals with exanthem, denominator = number of. animals inoculated.
a. Intradermal. The clinical disease in monkeys, following dermal inoculation with variola virus, may also exemplify the infection after other routes of injection. The overt signs of smallpox infection in the monkey may consist of (i) a local lesion at the site of dermal inoculation, (ii) vague constitutional disturbances, (iii) a slight or marked elevation of temperature, and (iv) an exanthem of varied intensity.
A reaction appears on the skin at the site of inoculation in 3 days, and, on the sixth to seventh day, when the primary lesion is most active, body temperature rises and may peak at 105 F or higher (11) . Other constitutional signs that may be manifested are anorexia, listlessness, coughing, or a loss of appetite. The febrile reaction precedes the appearance of exanthem by 24 to 48 hr. The skin eruption is noted between the eighth and tenth days after inoculation, but the extent of the exanthem varies markedly; in some animals one lesion may be present; in others more than 100 pocks are seen ( Fig. 1 and 2 ). The distribution of the exanthem shows a partiality for certain regions; the face is most often the site of initial eruption. In the order of appearance elsewhlire, the eruption is present on the wrists, scrotum of the male, region about the anus, base of the tail, palms, soles, and inner region of the arms and thighs. The trunk and the outer surfaces of the limbs are rarely affected. The evolution of the exanthem is relatively constant. 
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The eruption first appears as minute pink papules, rarely exceeding 1 mm in diameter. On the next day, this papule is larger and shows a vesicular structure. The fluid contents of the lesion become cloudy on the following day, and the lesion dries in another 24 hr. The exanthem, therefore, has its complete evolution in about 4 days. In some animals, however, the lesions pass through a longer period of development. The general exanthem usually lasts 5 days; the first 2 are employed in growth and the last 2 in healing.
Cursory observation of the cellular elements of the blood of monkeys infected with variola indicates a disturbance in leukocyte equilibrium characterized by a polymorphonuclear, followed by a mononuclear, leukocytosis (46) . Although Bleyer (8) reported the finding of corpses of monkeys with variolous lesions in a natural epidemic of smallpox, a perusal of the literature shows that the mortality of monkeys infected with smallpox is negligible. Reports of experimental infections of monkeys with variola virus and subsequent death of the animals were attributed to intercurrent disease, i.e., streptococcal septicemia and tuberculosis (11) .
Although infections of alastrim in monkeys have not been described in the detail accorded smallpox, the pattern of disease appears to be similar.
b. Respiratory. Exposure of monkeys to airborne virus results in a disease pattern similar to that following dermal inoculation except that there is no local lesion (38) . In these animals, a viremic period was detected both in the incubation and disease periods, and an immunological response, in the nature of neutralizing and hemagglutination-inhibition antibodies in the serum, was noted shQrtly after the appearance of the exanthem.
c. Other routes. A slight alteration from the pattern of infection after dermal injection may result after inoculation of the mucous membranes with variola virus. A general exanthem may occur in approximately 10% of monkeys; in contrast, an eruption develops in 70 to 80% of animals after inoculation of the skin (11) . There is no abrupt elevation of temperature; listlessness and anorexia are absent.
After corneal inoculation, the lesion differs from the lesion of the skin in that vesicle formation does not occur. On the eighth day a general eruption may follow corneal injection; similarly, an eruption may follow intravenous inoculation, but it appears in 5 days (66) . Orchitis was an additional feature of disease noted after intratesticular injection (59, 60 (64) . Lesions appear at the site of vaccinial injection of mucous membranes that are similar to the skin lesions. Again there is no generalized eruption (11) .
It is noteworthy that the inoculation of monkeys with vaccinia virus does not incite a general exanthem. Brinckerhoft and Tyzzer (11) and Clearkin (15) reported that they never observed a general eruption in the simian host after inoculation with vaccinia virus. The Cutaneous manifestation occurred as multiple, discrete papules; many showed dark reddishbrown umbilicated centers. The papules evoluted to pustules and later, to reddish-brown crusts which fell off in 7 to 10 days leaving a small scar. Eruptions appeared on any portion of the cutaneous surface; lateral and dorsal aspects of the tongue; oral, pharyngeal, laryngeal, and tracheal mucosa; but were most commonly observed on the buttocks, hands, feet, and hind limbs. The number of deaths due to the disease was less than 0.5%. The eruptions in infants and in adults with fatal cases had a tendency to become hemorrhagic.
Sera from infected animals contained hemagglutination-inhibition and complement-fixation antibodies (52) .
b. Respiratory. The disease pattern observed in M. irus exposed to air-borne monkeypox virus was similar in many respects to that recounted with vaccinia virus. The clinical features of disease were: (i) onset of fever on the fourth to fifth days with subsequent elevation of temperature to 105 F, (ii) constitutional signs, anorexia, coughing, and loss of appetite, and (iii) the occurrence of an exanthem on the ninth day after exposure and the occasional appearance of edema of the face. Neutralizing antibody was detected in sera of animals (N. Hahon c. Other routes. Local lesions were observed in monkeys after scarification of the skin; a systemic pox was manifested in monkeys after intravenous injection of virus (52) . 4 . Factors affecting resistance. A few investigators have studied the effect of altering the simian host's physiological balance on its response to poxviruses. Eckstein and Sarvan (29) observed the effect of starvation on the development of vaccinia in monkeys after intracutaneous injection and noted that the reaction was delayed, was more necrotic, and healed more slowly. The removal of the spleen from animals also retarded the vaccinial reaction on the skin.
A comparative study of the pattern of disease in Ml. irus which had been either splenectomized or treated with cortisone prior to intranasal inoculation with variola virus showed that their reaction was similar to that of the control group of animals (N. Hahon, unpublished data). The manifestation of disease, in the form of a generalized exanthem, was of comparable intensity and appeared at approximately the same time in all three groups of animals.
B. Species Susceptibility
The range of animals that are susceptible to infection with variola and alastrim viruses is limited; monkeys are the preferred experimental hosts. Although vaccinia virus shows a wider range of animal susceptibility than almost any other known infection, the rabbit has been employed most often as the experimental animal. A survey of the literature on infectivity studies with the poxviruses in monkeys indicates ( That the susceptiblity of different species of monkeys and their lack of uniformity of response to infection with related poxviruses may be dependent on a previous exposure to an antigenically related agent in their natural environment receives further support from the recent discoveries of the existence of a natural pox disease of monkeys (52, 54) . One of the etiological agents has been shown to be antigenically related to the variola-vaccinia group of poxviruses (52) .
The problem regarding the susceptibility of the simian host to the poxviruses might be clarified, if a survey were carried out to determine the extent of specific antibodies to the poxviruses that are present in different monkey populations.
C. Pathogenicity and Virulence of Poxvirus Strains
Variations of mortality rates with diverse clinical forms of disease have been reported in human epidemics of variola (23, 42, 44, 57 In general, laboratory techniques for distinguishing between the viruses of variola and alastrim have failed to reveal constant differences with regard to the histology of skin lesions (21, 28) , the lesions produced on the chorioallantoic membrane of embryonated eggs (28) , cross-immunity experiments in monkeys (40), serum-neutralization, complement-fixation, and hemagglutination-inhibition tests (25, 27, 47) , by the double-diffusion precipitation technique (35) , and the use of laboratory animals (22) . Within recent years, however, the findings from studies of the behavior of smallpox and alastrim viruses in embryonated eggs offer a means of differentiating them. Smallpox persists longer than alastrim on the chorioallantoic membrane (22) , as measured by mortality rates; smallpox was more pathogenic for the chick embryo than was alastrim (39); and lesions were produced by smallpox in eggs held at 38 to 38.5 C for 2 to 3 days, but no lesions were formed by alastrim at this temperature (48) .
In their comprehensive studies with smallpox, Magrath and Brinckerhoff (46) (11), who in the early 1900's studied the tissue reactions of both variola and vaccinia viruses after different routes of inoculation. Since that time, little has been added by others to their classic description of the histopathology of these infections in the simian host.
1. Variola. a. Dermal. The macroscopic development of the primary lesion at the site of dermal inoculation with variola virus resulted after 3 days in an elevated lesion marked by a crust in the center of the lesion on the fifth day (11) . The crust was surrounded by a "vesicular ring" and a zone of elevation and hyperemia at the periphery. After the eighth day, the lateral excursions of the lesion ceased and involution began; this process involved the further spread of the crust and the fading of hyperemia. Thereafter, normal epithelium grew slowly beneath the crust. The lymph nodes draining the area of the skin lesions increased in size on the fifth day and diminished on the tenth day. Macroscopic lesions of the viscera were absent.
Histologically, the evolution of the primary lesion was characterized by a combination of degenerative, exudative, and reparative processes. From the third day onward, there was extensive degeneration of epithelial cells, which was preceded by swelling and proliferation. The collection of fluid between epithelial cells led to the formation of definite cavities. The polymorphonuclear leukocytes passed into the fluid of the vesicle, and their increasing numbers gave the lesion the macroscopic character of a pustule. The vesicle was formed in the epidermis, but the corium showed enlargement and proliferation of endothelial cells of lymphatics and blood vessels. Later, a definite edema of the corium and of the adjacent subcutaneous tissue occurred, with evidence of necrosis beneath the lesion. In the latter stages, the lesion underwent repair; the epithelium grew in from the sides and upward from the hair sheaths to close the defect caused by the variolous process.
The process seen in the epithelium in the development of the exanthem was similar to that of the primary lesion. In the corium, however, edema and necrosis were absent.
b. Corneal. Inoculation of the cornea of the monkey with variola virus produced a specific lesion characterized by swelling, proliferation, and varying degrees of degeneration of the epithelial cells (11) . The lesion resulted in less destruction of the corneal epithelium than followed inoculation of the cornea of the monkey with vaccinia virus. The lesion on the cornea differed from the variolous lesions on the skin of the monkey in that exudation did not play as prominent a part, and true vesicles did not form. Guarnieri bodies were present in the lesion up to 11 days after inoculation.
c. Mucous membranes. The primary lesion formed by inoculation of mucous membranes of the lip, nose, or palate of the monkey with variola virus was similar, cytologically and histologically, to that which followed variolation of the skin (11) . The lesions produced on the mucous membranes did not form a crust. Guarnieri bodies in both cytoplasmic and nuclear phases were present in the lesions.
Inoculation of the mucous membranes of the monkey's trachea with variola virus was followed by the development of a variolous lesion which was similar to that produced on other mucous membranes (11) . A variolous lesion may develop in the bronchi and be associated with a pneumonia. The presence of bronchopneumonia in monkeys exposed to air-borne variola virus could not be demonstrated, although the development of the exanthem was identical to the lesions described after dermal inoculation of monkeys (38) . The role of variola virus in the pathological process noted in the lungs was inconclusive because of the presence of an underlying pneumonitis observed in the control animals. 2. Alastrim. The pathology of alastrim infections in the monkey has not been described in the detail accorded variola or vaccinia. On the basis of the appearance of dermal lesions, alastrim infections are similar to variola infections in the simian host (44 Torres (62) , who studied the appearance of the Malpighian cells in portions of skin removed at biopsy from human patients suffering from variola and alastrim, as well as in the skin of rhesus monkeys infected with the two viruses. The differences, seen in inclusions of the two diseases, were not observed in human lesions by De Jong (21).
S. Vaccinia. a. Dermal. The inoculation of the skin of monkeys with vaccinia virus was followed by the development of a lesion at the site of injection. The histological changes in the skin of the monkey infected with vaccinia were very similar to those produced by variola virus (66) . A vesicular change occurred in the epidermis, and the presence of Guarnieri bodies was noted. Lesions observed in the dermis were proliferation of the capillary endothelium and cellular infiltration. The histology of the axillary lymph nodes of monkeys vaccinated on the abdomen presented the same picture as that seen in variola-treated monkeys.
b. Corneal. Corneal inoculation of the monkey with vaccinia virus produced a lesion which was specific and comparable with that following the inoculation of the rabbit (66) . The lesion was characterized chiefly by an early loss of epithelium at the site of inoculation, accompanied by the development of photophobia and conjunctivitis. Guarnieri bodies were present in the cells of the lesion.
c. Mucous membranes. Vaccination of the monkey upon the nasal, oral, or buccal mucosa gave rise to a true vaccinial lesion similar to that which followed vaccination of the skin (11 4. Monkeypox. In naturally infected monkeys, the microscopic appearance of the skin lesion was characterized by proliferation of the epidermis followed by necrosis (54) . Coagulation necrosis affected the formation of typical intraepidermal vesicles. Large confluent vesicles and pustules occurred infrequently. Intracytoplasmic inclusion bodies were numerous in epidermal cells along the sides of the skin lesions; eosinophilic intranuclear inclusions. were noted occasionally, but never concurrently in a cell with intracytoplasmic inclusion bodies.
The visceral lesions found consistently in all monkeys with fatal cases and in sacrificed animals were foci of necrosis in lymphatic tissue; i.e., spleen, lymph nodes, and solitary follicles of the digestive tract.
E. Cross-Immunity Relationships Cross-immunity or cross-protection tests performed in monkeys were the means by which information regarding the immunological relationships among variola, vaccinia, and alastrim viruses were established at the turn of the century (17, 20, 56) . Subsequently, but to a limited extent, the protection afforded humans against smallpox by vaccination has been studied experimentally in monkeys in an attempt to define the parameters of the immune reaction.
As early as 1902, Roger and Weil (53) regarded both vaccinia and variola viruses as inoculable upon the monkey, but held that neither confers perfect immunity. In subsequent experiments with monkeys, it was determined that reciprocal immunity of variola and vaccinia was not well defined; the immunity conferred by inoculation of variola virus was less durable against vaccinia virus than the converse (11, 36, 46, 69 In other studies with variola and alastrim viruses (40) , it was also found that immunity was not fully reciprocal, but that the degree of protection induced by alastrim was greater than that by variola. This finding was of considerable interest, because the variola strain used was the most virulent for monkeys isolated in the Sudan, and the alastrim was incapable of producing more than a local reaction. In contrast to these observations, Leake and Force (44) reported complete reciprocal immunity between alastrim (West Indies) and variola viruses. Although strains of alastrim from different sources in Africa and the United States have been shown to be closely related immunologically, the immunity between strains was not fully reciprocal (41) .
Some of the diversity of the experimental results regarding the protection conferred by one virus against another may be attributed or influenced by the following factors: (i) site of initial inoculation of virus, (ii) site of second inoculation of virus, (iii) total area inoculated, (iv) dose, or (v) species of monkeys.
The sites of virus inoculation, both initial and secondary, as they influence the immune reaction, have been exemplified by the observations of Brinckerhoff and Tyzzer (11) . When vaccinia virus inoculated on the skin resulted in the formation of a lesion, protection was manifested against subsequent inoculation of the cornea with vaccinia virus. A variola lesion of the skin, however, did not protect against subsequent inoculation of the cornea with variola virus, but a variola lesion of the cornea protected against subsequent inoculation of the skin with variola virus.
When the cutaneous route was used, the production of immunity by variola virus against vaccinia virus was directly related to the extent of the primary reaction and for complete protection a well marked reaction over a considerable area of the skin appeared to be essential (40) . The larger the area, the greater the possible immunizing dose, and the greater was the chance of a strong reaction.
The dose of the virus inoculum may be important also, but dependent on the strain of virus employed (40) . The larger the amount of variola virus inoculated, the more complete was the resultant immunity to vaccinia virus. Small inocula of vaccinia virus appeared to be sufficient, however, because the virus had a greater capacity for proliferation in tissues of most animals.
The effect of the susceptibility of different species of monkeys to the poxviruses, and the variability of response following infection, has been referred to in a previous section.
The immunological relationships established by cross-protection tests, briefly reviewed here, were based predominantly on challenging the host with a cutaneous injection of virus. A more meaningful expression of the data obtained through the use of monkeys, if it were to be related to human experience, might be forthcoming if vaccinated animals were challenged in subsequent cross-immunity tests in a natural manner, i.e., by exposure to known quantities of air-borne virus.
F. Assessment and Duration of Immunity
Apart from the studies of Brinckerhoff and Tyzzer (11) , information regarding the development of the immune state in monkeys after vaccination is meager. Inasmuch as the data reported by these investigators did not include the status of the antibody levels of vaccinated animals at the time of challenge, they should be considered preliminary, at best. Their findings on the development of immunity after inoculation of the skin of the monkey with vaccinia and variola viruses indicated that the immunity which accompanied the development of the vaccinia lesion and variola lesion became manifest between the sixth and the eleventh day, and between the fifth and the eighth day, respectively.
Only recently has any information been reported regarding the antibody response in the simian host following infection with a poxvirus (38) . In monkeys exposed to air-borne variola virus, neutralizing and hemagglutinating-inhibition antibodies appeared in the serum on the tenth and eleventh days after exposure, respectively. Similar to findings reported with human cases of disease, neutralizing antibody preceded hemagglutinating-inhibition antibody, and both were noted shortly after the appearance of the exanthem (41) .
There is little experimental evidence of the duration of immunity following recovery from infection with variola virus, or of vaccinial immunity after vaccination of monkeys. Unpublished studies (N. Hahon) indicate that M. irus, vaccinated 1 year previously by the multiple pressure technique with commercial smallpox vaccine, were resistant to large doses of inhaled variola virus. The only manifestation noted in challenged monkeys was in the nature of an immunogenic response; a two-to fourfold rise in serum neutralizing antibody.
At present, the sum of our knowledge concerning the status of immunity in man and monkeys may be aptly summarized by the views of Buddingh (13), presented 10 The pathogenesis of the acute viral exanthems is one of the most perplexing problems of these diseases. Experimentally, efforts to study this problem have been hampered by the lack of either a suitable laboratory host or a sensitive method for detecting the etiological agent. Consequently, a paucity of experimental data on the nature of the processes involved, particularly during the incubation period, limits our understanding of the exanthems. The high infectivity and long incubation period of variola, rubella, measles, and varicella, followed by a sudden onset of symptoms and generalized skin rash, may be explained only by postulating a site or sites of primary multiplication of the virus.
In general, most hypotheses agree that the respiratory tract is the natural route of infection with variola virus (5, 6, 14, 26, 33, 43) , but differ with respect to the specific sites of viral multiplication and pathways of dissemination. The earliest experimental evidence of the possible site of primary multiplcation of virus in smallpox was recorded by Brinckerhoff and Tyzzer (11) . They inoculated monkeys intratracheally or by blowing variola virus into the lungs, and noted the occurrence of a variolous lesion in the bronchi. The infectious agent was found in the lungs, and it was suggested that the virus was capable of multiplying in the "deep tissues" of the respiratory tract. It was considered possible that Ouch a lesion might develop unnoticed and serve as a focus for multiplication of the virus during the incubation period of disease. Concurrence in this view by Councilman (18) was based on studies in which a systemic infection of variola was rarely produced, as shown either by immunity or by exanthem, after inoculation of virus on the mucous membrane of the nose, mouth, palate, or on the cornea.
From human cases of smallpox, Paschen (50) reported the presence of virus in the throat of contacts during the incubation period. It was suggested that after multiplication in the throat, the lungs were invaded and, later, a secondary liberation of virus occurred which was carried by the blood to the skin and other organs.
The casual observations of MacCallum et al. (45) , who recovered a small amount of virus from a swab inserted into the lung of a patient dead from smallpox, is equivocal evidence that lung tissue was a focus of virus infection. These investigators believed that the virus recovered from the lungs may have been due to contamination from blood or skin during the process of manipulation. Nevertheless, they proposed that variola virus in the course of the infectious process is inspired into the lungs, where the primary focus or lesion develops. Such a lesion may break through into the capillaries, or even externally, and empty into the bronchi. Thus, a large amount of virulent virus is expelled in a relatively short interval in the febrile pre-exanthem period. In a large proportion of cases, however, the patient becomes infectious when, as a result of the viremia, lesions appear on the palate, tongue, and pharyngeal or buccal mucosa. These lesions break down, and virus is freed into the oral cavity.
In a recent investigation, the course of smallpox infection was followed in M. irus after ex-posure to air-borne variola virus (38 (31) . Although there is a resemblance between the disease features of mousepox and smallpox, the portal of virus entry is different. As noted previously, the portal of entry of naturally acquired infections of smallpox and possibly other exanthems is through the respiratory tract; in mice, the virus of mousepox enters through a small abrasion of the skin, which becomes the site of primary multiplication. The comprehensive and revealing studies by Fenner (32) , which depict a scheme for the pathogenesis of mousepox, may be pertinent to our understanding of the course of infection with poxviruses that are introduced directly into the skin of the host.
According to Briody (12) (10) . Animals of the same species caged nearby were vaccinated and the disease was confined. The experimental infection of monkeys with human isolates of air-borne variola virus serves as additional evidence that smallpox may be transmitted naturally from man to primates (38) . The transmission of variola virus from monkey to man remains undemonstrated, but some evidence for it is available based on an observation of a natural event. An excerpt from a letter that he received from a friend who was traveling in Central America was quoted by Anderson (2) to report the occurrence of smallpox in monkeys in their native habitat:
"In the year 1841 I was in the province of Veragua, in New Granada, to the north of the Isthmus of Panama, and left the town of St. Jago on the western coast for David in Chiriqui, a town in the interior, about sixty or seventy miles to the northeast (and leeward) of St. Jago. The smallpox was raging with great violence in St. Jago, but there was no appearance of it in David. A few days after my arrival there, taking my customary morning's ride in the forest, which teems with animal life, I was struck by observing one or two sick and apparently dying monkeys on the ground under the trees. The next morning I was struck by the same singular appearance (for it is very unusual to find a wild animal sick-they instinctively hide themselves) and, by thinking that I perceived several on the trees moping and moving about in a sickly manner, I consequently dismounted and carefully examined two, which were on the ground-one dead and the other apparently dying; and, after careful examination, no doubt remained in my mind that they were suffering and had died from smallpox. They presented every evidence of the disease, the pustules were perfectly formed, and in one instance (that of the dying one) the animal was nearly quite blind from the effects. A few days afterwards (I think about four or five days) the first case of smallpox appeared amongst the inhabitants of David, and in the course of a fortnight one-half of the population was stricken."
A point of interest in this letter, if one assumes that the sequence of events is valid, is the occurrence of smallpox in the native population after the disease was observed in monkeys. Admittedly, this is scant evidence that smallpox, as it exists in the simian host, is transmissible to man. Nevertheless, the danger of man acquiring smallpox from monkeys becomes credible in view of findings which indicated that monkeys infected with air-borne variola virus liberate the infectious agent from the respiratory passages during the incubation and disease periods (38) . In addition, virus continued to be isolated from the upper respiratory tract for several days after the exanthem had disappeared.
Of further significance is the possibility that partially immune animals may harbor the virus in the respiratory tract without manifesting overt symptoms, or may exhibit only a modified form of the disease. Because smallpox, as it is manifested in the simian, is mild and of variable symptomatology, the signs of infection may not be readily distinguished. Indeed, confirmation of smallpox in animals known to have been exposed to variola virus often requires the use of virological and serological tests.
The possibility emerges, from an appraisal of present evidence, that monkeys entering a country from an endemic smallpox area, such as India, may serve as a source of infection for man. A modified or even an active form of smallpox infection in animals, being difficult to recognize, may create a hazard of infection for personnel who handle these animals in transit or on arrival in laboratory areas. Fortunately, through some physical or biological impediment of the sequence, there has been no recorded instance of human infection acquired in this manner. Nevertheless, cognizance of this situation by public health personnel may be judicious.
V. COMMENT The simian host in experimental studies with the poxviruses, particularly smallpox virus, may provide a useful means whereby our understanding of the varied aspects of the disease process and its treatment, and evaluation of the immune state following vaccination may be increased. The rapid development in the past decade of tissue culture and fluorescent antibody methodology, if applied to the poxviruses in combination with the simian host, could conceivably answer the enigma of the different degrees of pathogenicity and virulence exhibited by the varied strains of variola and alastrim viruses. The marked similarity between smallpox infections in man and in monkeys (38) makes the latter host suitable for experimental studies that otherwise could not be performed.
